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Summary 
 
The centre of the human lens is composed of proteins that were synthesized prior to birth. The 
lack of turnover, combined with an absence of protease activity, allows this tissue to be used to 
evaluate the long-term stability of proteins and, in particular, to elucidate processes responsible 
for the degradation of macromolecules over long time periods. By analysing 247 endogenous 
peptides present in the centre of human lenses, and relating these to the sequences of their 
precursor crystallins, some characteristic features of intrinsic protein instability were 
determined. Prominent, was cleavage on the N-terminal side of serine residues. Despite 
accounting for just 9% of the amino acid composition of crystallins, peptides with N-terminal 
Ser represented one quarter of the total peptides. The “laddering” of peptides was another 
hallmark. Non-enzymatic cleavage at Ser could be reproduced by incubating peptide at 
elevated temperatures. Such findings suggest that serine residues may represent susceptible 
sites for intein-like autolysis in polypeptides that are exposed to physiological conditions over 
a period of years. Once these sites are cleaved, other chemical processes result in progressive 
removal, or ‘laddering’, of amino acid residues from newly exposed N- and C-termini. Since 
N-terminal serine peptides originated from several crystallins with unrelated sequences, this 
may represent a general feature other long-lived proteins. 
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Introduction 
Long-lived polypeptides are widespread in the human body and are present in heart (Bergmann 
et al., 2009), lung (Shapiro et al., 1991), brain (Shapira et al., 1988), lens (Lynnerup et al., 
2008), teeth (Spalding et al., 2005), blood vessels, skin (Ritz-Timme & Collins, 2002) and 
connective tissue (Sivan et al., 2008). Most are structural and, like elastin and collagen, appear 
to be predominantly extracellular. This, however, is not universal since lens crystallins are 
cytosolic. In addition, it has recently been discovered that some protein components of the 
nuclear pore in post-mitotic cells also do not turnover (D'Angelo et al., 2009). Over the course 
of decades at body temperature, such persistent proteins undergo modifications that may affect 
their structure and function. These include racemisation (Fujii et al., 2001; Hooi & Truscott, 
2011), deamidation  (Hains & Truscott, 2010), modification by reactive metabolites (Baynes, 
2001) and truncation (Grey & Schey, 2009; Su et al., 2010; Su et al., 2011). Little is known 
about what governs these processes and which are most abundant.  
 
Peptide bond cleavage of long-lived polypeptides appears to be a significant route for their 
decomposition (Srivastava et al., 1993; Cloos & Fledelius, 2000). Hydrolysis by proteases is 
one factor that may contribute to this breakdown, but the intrinsic instability of particular 
amino acids can also lead to fragmentation. One well-characterised reaction involves Asn 
residues (Geiger & Clarke, 1987). Intramolecular attack, followed by ring opening, can lead to 
peptide bond cleavage with the formation of a new C-terminal Asp residue (Robinson & 
Robinson, 2004). For example, in the human lens, truncation of aquaporin 0 at Asn246 or 
Asn259 within a cytosolic region of the polypeptide, leads to C-terminally truncated forms 
(Ball et al., 2004) that gradually become dominant in older lenses (Korlimbinis et al., 2009). 
Cleavage of αA-crystallin at Asn101 (Voorter et al., 1988) and other sites (Su et al., 2010) has 
also been documented.  
 
In other tissues, elucidation of sites of intrinsic instability in long-lived proteins is confounded 
by the presence of proteases. On the basis of data on other enzymes (Dovrat et al., 1984; Zhu et 
al., 2010), however, the centre of the adult human lens is predicted to be devoid of active 
proteases. This lack of enzyme activity stems from the fact that there is no turnover of proteins 
in the lens (Lynnerup et al., 2008), and therefore enzymes in the lens nucleus (centre) have 
been present since birth. After years at 37
o
C, proteases, like other enzymes, become denatured. 
In the absence of proteases, it is possible to identity amino acid residues in proteins that are 
prone to spontaneous cleavage under physiological conditions, and also to examine the 
subsequent fate of the resultant peptides. In order to uncover prominent cleavage sites of long-
lived proteins, we examined the terminal residues of peptides present in the centre of aged 
human lenses. Based upon our findings, we propose an autolytic mechanism of protein 
degradation in the long-lived crystallin proteins. 
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Results 
 
A total of 247 different endogenous peptides (Table S1) were identified in the nuclear extracts 
of human lenses aged 16, 44, 75 and 83 years using nanoLC-ESI-MS/MS. For the purposes of 
analysis, only those peptides which were found in at least two of the mature adult lenses (44, 
75 and 83 years) were included (109 peptides, highlighted in Table S1). The majority of 
peptides characterized were breakdown products of crystallins, with only 5 peptides being 
derived from non-crystallin proteins. Among the crystallins, peptides that originated from the 
breakdown of αA- (Fig. 1A) and αB-crystallin (Fig. 1B) were the most abundant, while 
peptides derived from --- and S-crystallins were also present (Figure S1). 
Interestingly, despite accounting for a relatively large percentage of the crystallin content of 
the human lens , peptides originating from C- and D-crystallins were not detected. There is 
evidence that C- and D-crystallins are cleaved with age, but the major products seem to be 
~10 kDa fragments (Srivastava & Srivastava, 1996) corresponding to the two protein domains. 
Polypeptides of this size would not have been detected using our methodology and furthermore 
these domain fragments appear to be relatively stable, and do not degrade to the extent 
observed for the α- and -crystallins in the present study. 
 
The extraordinary diversity of peptides that were identified suggested that either extensive 
chemically-mediated hydrolysis was taking place, or that some protease(s) may remain active 
in the mature lens nucleus. Since the presence of active proteases in the centre of mature lenses 
would clearly influence the interpretation of the peptide data, protease activity was assayed 
using a QuantiCleave Protease assay kit (Thermo Scientific, Rockford IL, USA). No protease 
activity in the nuclear regions of fresh (< 24 hr post-mortem) lenses above the age of 40 could 
be detected (Fig. S2), although, as expected, activity was present in the most recently 
synthesized outer cortical regions of all of the lenses (equivalent to 1.28 +/- 0.68 ug of trypsin-
like activity per mg, n=6).  
 
In order to determine if particular amino acids are more susceptible to cleavage in the aging 
nucleus, the N- and C-terminal residues of the 109 selected peptides were analyzed. The 
occurrence of each amino acid as a terminal residue was then expressed as a function of the 
abundance of that amino acid in the full-length crystallins (equation 1): 
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]       Equation 1 
 
Where FR = residue frequency ratio; R = residue; ƒ = frequency; T = terminal residue; 
P = residue in full-length protein; subscripts (α,  and ) indicate crystallin protein family. 
 
The FR values for each of the twenty standard amino acids are presented graphically (Fig. 2) 
and numerically (Table 1).  It is immediately obvious from these data that two amino acids, 
Asp and Ser, are present as terminal residues more frequently than expected based on their 
abundance in lens proteins (Fig. 2A). Ser is particularly abundant as an N-terminal residue 
across all peptides, with a residue frequency ratio of 0.28 (Table 1A), which is more than two 
standard deviations (SDs) above the mean of 0.10. A further three residues exhibited greater 
than average frequency at the N-terminus, with FR values of 0.23 (Asp), 0.18 (Gly) and 0.175 
(His). Three residues were also more frequently identified at the carboxyl terminus of the lens 
peptides. FR values for Asp, Leu and Ser were each greater than one standard deviation from 
the mean of 0.11 at 0.22, 0.178 and 0.175 respectively. Thus, Asp residues were found at 
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statistically significant levels as both N- and C-termini, whereas Ser was overwhelmingly 
localized at the N-terminus. 
 
   (
    
   
)
 
                                    Equation 2 
 
The results for α-crystallin only, (Eq. 2; Fig 2B; Table 1B) were in broad agreement with those 
of the total lens crystallins. Ser, with an FR value of 0.61, again stood out as the most abundant 
N-terminal residue, being more than three SDs above the mean. Likewise, N-terminal Asp and 
Gly were found at levels greater than those predicted based on amino acid composition, with 
Lys taking the place of His as the fourth most abundant residue. At the C-terminus, Leu, Gly 
and Ala were most abundant, displacing Asp, which showed maximum frequency when all 
crystallins were analyzed. Trp and Cys also returned high FR values, however this is likely a 
statistical anomaly reflecting their very low abundance across both α-crystallin sequences 
(three and two residues respectively). The fact that Gly was prominent at both N- and C- 
termini may indicate that this small amino acid residue can also predispose adjacent peptide 
bonds to spontaneous cleavage. Another prominent feature of the peptides was laddering, and 
this was observed from both the N-terminal and C-terminal ends of the peptides (Fig. 1). In the 
case of the N-terminus, this finding of progressively truncated forms of peptides may reflect 
involvement of the α-amino group of the peptides in promoting peptide bond cleavage, as has 
been documented in other systems (Steinberg & Bada, 1983). 
 
Peptide Distribution  
Although it was not possible to quantify peptides using the proteomics methodology, 
confidence in the presence of individual peptides can be inferred from the Mascot ion scores, 
which are tabulated in figure 3.  Ion scores corresponding to cells shaded within the yellow to 
red gradient range indicate that a peptide has been identified with significant homology to the 
known crystallin sequence (p<0.05). We have used these scores to map the evolution of 
peptides with age. For both the WS (Fig. 3A), and WI-US (Fig. 3B) fractions, a clear 
correlation between age and peptide identification is evident. Within the WS peptides, there are 
two localized regions of high ion scores, corresponding to residues 34-65 of αA-crystallin, and 
residues 238-252 of -crystallin. For -crystallin, this represents the C-terminal arm of 
the protein (Van Montfort et al., 2003) following the fourth 'Greek key' domain. In contrast, 
the αA-crystallin peptides originate from a chain spanning residues 34-56 of the N-terminal 
domain, the adjoining inter-domain linker (57-62) and the first three residues of the α-crystallin 
domain. 
 
Modelling peptide cleavages  
The finding that Ser was the dominant amino terminal residue in peptides derived from 
crystallins in the lens (Fig. 2A) is consistent with the proposal that Ser residues may be 
involved in spontaneous peptide bond cleavage (Lyons et al., 2011). To determine if this 
process could be replicated in a model peptide containing Ser, a heptamer based on a known 
cleavage site in αB-crystallin (H18-S19) (Su et al., 2010) was synthesized. PFHSPAY was 
incubated under physiological conditions at 60
o
C during which samples were removed and 
analyzed for evidence of proteolysis. The results of the time course (Fig. 4), demonstrate that 
cleavage at Ser can occur in the absence of proteases. The most likely mechanism involves an 
N→O-acyl shift as has been documented, for example, in spontaneous intein splicing (Paulus, 
2000). In addition, cleavage of the N-terminal amino acid was observed (Fig. 4). Processes 
such as diketopiperazine formation (Steinberg & Bada, 1983) are known to be responsible for 
the loss of two amino acids at a time from the N-terminal end of peptides. 
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Discussion 
 
Proteins exposed to physiological conditions for extended periods undergo numerous changes, 
however the details of such are incompletely understood. In this study we addressed the issue 
of peptide bond cleavage by examining peptides that result from the age-dependent breakdown 
of crystallins in the centre of the human lens. A remarkably large and diverse group of 
endogenous peptides was identified, and sequence analysis of these peptides allowed us to 
infer mechanisms for the processes involved in their genesis. 
 
One of the main findings was that many of the peptides seemed to result from peptide bond 
cleavage on the N-terminal side of serine residues. In addition, the peptides generated also 
seemed to undergo progressive loss of terminal amino acids yielding a complex mixture of 
related peptides differing mostly by single amino acid residues. Using a model peptide we were 
able to show that similar processes could be observed in vitro by incubation at physiological 
pH using elevated temperatures.  Both cleavage at Ser and truncation of terminal amino acids 
were detected, indicating that the processes responsible are spontaneous and do not require 
enzymes or co-factors. Sequences of amino acids around Ser residues will likely influence the 
course of cleavage as has been shown for deamidation of Asn residues (Robinson & Robinson, 
2001). It is also very probable that particular amino acid residues exert an influence on 
terminal peptide bond hydrolysis. Abundant peptides with Ser N-termini have been observed in 
the lens previously (Hooi & Truscott, 2011). 
 
If the lens peptide data were a reflection of spontaneous peptide bond cleavage, it might be 
predicted that Asp would be more abundant as a terminal residue. This was indeed observed 
(Fig 2), and the reasons for this are two-fold. Firstly, Asn residues can undergo spontaneous 
cyclisation, one outcome of which is polypeptide cleavage, yielding C-terminal Asp (Robinson 
& Robinson, 2004). In addition, major products of the cyclisation of both Asn and Asp 
residues in long-lived proteins are L-isoAsp and D-isoAsp (Geiger & Clarke, 1987; Ritz-
Timme & Collins, 2002). It is likely that, once formed, these linkages may be less sensitive to 
the autolysis processes that affect normal peptide bonds. Glycine was also detected at a higher 
abundance than expected, particularly for the α-crystallins (Fig 2B). This finding may reflect a 
greater accessibility of the peptide bonds adjacent to this smallest of the amino acid side 
chains. For example, the Gly-Gly bond in peptides is known to be cleaved by chemicals such 
as hydrazine (Miyatake et al., 1994).  In the lens, cleavage at Gly-Gly in the linker peptide 
between the two domains of S-crystallin is a major posttranslational modification observed 
with age.  
 
Despite the fact that peptide analysis indicated apparent sites of non-enzymatic cleavage, there 
are caveats associated with the technique. Since the method of analysis favoured detection of 
peptides rather than proteins, some bond hydrolyses were likely missed using this approach. 
For example no peptides from C- and D-crystallins were detected. These crystallins are 
cleaved in older human lenses but the major products appear to be ~9kDa “halves” of the 
original protein. Smaller peptides (e.g. tetrapeptides) and below were also not analysed in our 
study. Despite these limitations, a total of 247 peptides were detected and sequenced.  
 
It should also be noted that the lens cortex revealed evidence of trypsin-like activity (Fig. S2), 
whereas the nucleus of lenses above age forty were devoid of active enzyme. This result is 
typical of assays for other enzymes (Dovrat et al., 1984; Zhu et al., 2010), where denaturation 
of proteases over decades at 37
o
C leads to low or negligible activity in the adult nucleus. The 
level of proteasome complex in the lens has also been shown to decrease markedly with age, as 
evidenced by a reduction in peptidyl-glutamyl hydrolase activity (Viteri et al., 2004). This 
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large, multi-subunit endopeptidase performs the majority of protein degradation outside of 
lysosomes (Coux et al., 1996), and is presumably involved in the degradation of organelles 
during cellular differentiation. The distinctive enzymatic proclivity of the proteasome gives 
rise to peptides with an N-terminal glutamate residue, which were not observed with 
significant frequency in the present study (Fig. 2). Therefore, although the proteasome is 
presumably involved in the degradation of differentiating cell organelles, the persistence of 
active complex in the older central fibre cells is highly unlikely. 
 
The mechanism for sequential removal of terminal amino acids from peptides is unclear, 
however involvement of the α-amino group at the N-terminal ends is likely. For example, 
incubation of small peptides at neutral pH results in nucleophilic attack of the α-amino group 
on upstream peptide bonds and removal of the two amino terminal residues as a 
diketopiperazine, which is accompanied by extensive racemisation (Steinberg & Bada, 1983). 
The phenomenon of “laddering” or “ragged ends” of peptides is not confined to the lens and 
has been noted in other biological systems (Hersh & Rodgers, 2008). The basis for the removal 
of amino acids from the C-terminus is less clear, but it is of interest that incubation of a 
recombinant R120G mutant αB-crystallin at room temperature, resulted in major truncations 
from the C-terminus (Treweek et al., 2005). 
 
Cleavage of the peptide bond next to Ser may involve an intein-like mechanism. Inteins are 
internal self-splicing regions of proteins where one of the two splice sites is a Ser, Cys or, less 
commonly, a Thr residue (Noren et al., 2000). In the case of Ser, the accepted process  
implicates the sidechain hydroxyl group attacking the carbon atom of the peptide bond on the 
N-terminal side, forming a cyclic intermediate which, after an N→O shift, cleaves the peptide 
bond (Paulus, 2000). A similar process would explain the cleavages in our study of lens 
proteins, and by implication, in other long-lived proteins and evidence in support of this 
mechanism has been published recently (Lyons et al., 2011). It is also likely that protein 
conformation, as well as the nature of adjacent residues such as His and Asp (Perler, 2002), or 
even side chains of neighbouring polypeptides, will significantly influence the degree of bond 
cleavage in proteins, resulting in some Ser residues being cleaved to a far greater extent than 
others.  
 
The mechanism outlined for Ser is analogous to the spontaneous scission of proteins at Asn 
residues. In the case of Asn, truncated products resulting from opening of the cyclic 
succinimide intermediate can yield a shortened polypeptide with D-isoAsp, D-Asp, L-isoAsp, 
or L-Asp (or Asp amides) as the C-terminal residues. If a similar process takes place with Ser 
residues in proteins, D-Ser residues may be formed. D-Ser levels increase in human lens 
proteins in an age-dependent manner (Hooi & Truscott, 2011) and are also elevated in other 
aged tissues (Kubo et al., 2003). Therefore Asn and Ser, as well as Asp, appear to represent 
‘weak links’ in polypeptides that are prone to bond cleavage and racemisation in long-lived 
proteins. As these processes accumulate over time, proteins may unfold and aggregate, 
affecting the properties of the tissue, fitness of the animal, and  ultimately, could influence 
human lifespan (Truscott, 2011). 
 
To what extent do processes outlined here occur with other long-lived proteins? To date 
information is scarce.  Life-long, and long-lived polypeptides are known in brain, heart, lung, 
bone, teeth, as well as cardiovascular, and connective tissues (Cloos & Christgau, 2004; 
Truscott, 2010). Information on intracellular sites is more limited, however structural proteins 
within the nuclear pore complex of neurons have been shown not to turn over and degrade with 
time, with the result that cytosolic proteins such as tubulin appear in the nuclei of old neurons 
(D'Angelo et al., 2009). This phenomenon presumably applies to other post-mitotic cells and 
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more long-lived proteins will likely be identified. Interestingly A peptides from amyloid in 
human brains have been reported which contain D-Ser (Kubo et al., 2003) and D-Asp (Mori et 
al., 1994) as well as “ragged ends”, i.e. sequence-related peptides that differ only in the N-
terminal residues (Masters et al., 1985). These data indicate that APP and /or the amyloid 
plaque may also be long-lived . 
 
A thorough analysis of long-lived proteins at other sites in the body should uncover the extent 
to which the processes outlined here, apply more widely. It will be of considerable interest to 
determine if these changes can be used as molecular signatures to determine not only if a 
protein is long-lived, but also to predict the sites of cleavage and then to search for the products 
of degradation. It is likely that this will lead to a greater understanding of the breakdown of 
these molecules over time and the impact of these processes on human health and fitness. 
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Experimental Procedures 
 
Extraction and isolation of endogenous  peptides in human lenses 
Human lenses aged 16, 44, 75 and 83 years were obtained from the Lions New South Wales 
Eye Bank (Sydney, Australia) and stored immediately at -80 °C. Lenses were dissected into 
cortical and nuclear regions using a 5 mm trephine. The water-soluble (WS) and water-
insoluble urea-soluble (WI-US) lens extracts were obtained from nuclear tissue, and the 
peptides present in these extracts were isolated by filtration through 10 kDa molecular weight 
cut-off membranes as previously described (Su et al., 2010).  
 
Identification of peptides in human lens extracts using nanoLC-ESI-MS/MS 
Endogenous peptides present in the lens extracts were identified using nanoflow liquid 
chromatography electrospray-ionization (nanoLC-ESI) MS/MS at the Australian Proteome 
Analysis Facility (Macquarie University, Sydney, Australia) (Su et al., 2010). MS/MS results 
were searched against human protein sequences published on Swissprot using the Mascot 
search engine. Searches were tailored for post-translational modifications (PTMs) commonly 
found for the human lens crystallins, which included acetylation at the N-terminus and Lys 
residues; deamidation at Asn and Gln residues; methylation at His, Lys and Cys residues; 
phosphorylation at Ser and Thr residues; and oxidation at Met, Trp and Tyr residues. 
 
Protease activity assays 
Fresh human lenses (within 12 h of death) were dissected as previously described (Heys et al., 
2007). Two regions were compared for protease activity; the newly synthesized outer region 
and the lens core (4.5mm diameter), synthesized prenatally. Approximately 25-30 mg of each 
was homogenised in 10mM phosphate buffer pH 7.0 (500 l) and centrifuged (10 000 g, 4C) 
for 10 mins. QuantiCleave™ Protease Assay Kit (Thermo Scientific) was used to measure 
protease activity of the supernatant. Each homogenate was diluted 2-, 5- and 10-fold and tested 
for protease activity as per the manufacturer’s instructions. Protease activity was determined 
relative to a standard curve of trypsin.  
 
Modelling peptide cleavages  
The peptide PFHSPAY was synthesized by Peptide 2.0 (Chantilly, VA, USA). Triplicate 
samples of this peptide were dissolved in 0.1 M phosphate buffer pH 7.4 (1 mg/ml) and 
incubated at 60C. Aliquots (10 l) were taken at various times and analysed by HPLC. 
Separation of the peptides was achieved using a Kinetex C18 100 Å column (100 x 4.6 mm) at 
40C and a solvent gradient of 0% B (0.1% TFA) to 60% B (0.1% TFA in acetonitrile) over 25 
min at a flow rate of 1 ml/min. Eluting peptides were monitored at 280 nm and 216 nm. 
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Supporting Information 
 
Table S1 
 
Figure S1 
Endogenous low molecular weight peptides in the lens derived from cleavage of (A) 
A1/A3-crystallin, (B) S-crystallin, (C) B1-crystallin and (D) B2-crystallin. Panels show 
the polypeptide sequences in bold. On the right hand side are colored boxes containing 
sequence-related peptides where the origin within the full protein sequence is indicated by 
matched shading. Posttranslational modifications are as for Fig 1. 
 
Figure S2 
Protease activity is not detectable in the centre of older lenses. Human lenses were dissected 
into two regions; a central core region that consists of proteins that were synthesized in utero, 
and an outer region containing proteins that were synthesized in the past few years. A 
QuantiCleave™ Protease Assay Kit (Thermo Scientific) was used to measure protease activity. 
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Table 1: Totals of each of the 20 amino acid residues are tabulated as they occur in; (A) the 
combined sequences of all human lens crystallins - ƒP(protein); (B) the combined sequences of 
αA- and αB-crystallin only - ƒP(αA+αB). Subsequent rows are defined as follows: ƒT(COOH) 
= summed instances of residue at the C-terminus of endogenous peptides. ƒT(NH2) = summed 
instances of residue at the N-terminus of endogenous peptides. ƒT/ƒP(COOH) = ratio of 
ƒT(COOH) to ƒP(protein); ƒT/ƒP(NH2) = ratio of ƒT(NH2) to ƒP(protein). Mean residue 
abundances (noted in figure 2) were used to identify amino acids whose frequency differed as 
shaded:        > 1 S.D. above mean;         > 2 S.D. above mean;         > 3 S.D. above mean. 
Frequency ratios for residues with low abundance are shaded  
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Figure Legends 
 
Figure 1: Endogenous low molecular weight peptides in the lens derived from cleavage of, (A) 
A-crystallin, and (B) B-crystallin. Central panels show the protein sequences in bold. The 
surrounding shaded boxes list the sequences of endogenous peptides that were identified in this 
study.  Peptide origin within the full protein sequence is indicated by matched shading. Post-
translational modifications are designated using the following symbols:  ‡ deamidation; ✽
acetylation; ※ loss of water.  Modified residues are underlined. 
 
Figure 2: Histograms depicting the frequency of amino acids at the N- and C-termini of 
endogenous human lens peptides as a ratio of the total number of corresponding residues in (A) 
the combined sequences of all human lens crystallins, and (B) the combined sequences of 
human lens -crystallins. Dark shaded bars represent C-terminal ratios, and light shading 
represents N-terminal ratios. Mean combined amino acid frequency ratios are represented by 
horizontal dashed lines with values provided in the main body text. Within each graph, shaded 
regions represent the frequency ratio range encompassing one standard deviation from the 
mean. Residue frequency ratios were calculated as described in equations (1) and (2). Symbols 
** and *** denote values greater than two and three standard deviations from the mean 
respectively. † denotes frequency ratios with significant deviation from the mean which are 
derived from amino acids with low abundance, thereby not statistically relevant. 
 
 
Figure 3: Endogenous LMW peptides present in; (A) water-soluble, and (B) urea-soluble 
human lens nuclear extracts. Peptides were isolated from human lenses aged 16, 44, 75 and 83 
years, and identified using nanoLC-ESI-MS/MS in conjunction with online Mascot database 
searching. Peptides with a positive identification are classified by shading according to the heat 
scale shown at right. (*Ion score calculated as -10*Log(P), where P is the probability that the 
identification is a random event. Scores > 50 indicate identity or extensive homology 
(p<0.05)). Peptides have been grouped according to their position within the full length protein 
sequences (see Table S1 for complete listing). The results demonstrate a clear correlation 
between number of peptides identified and increasing age for each lens extracts. Peptides 
derived from -crystallin were identified which encompassed large proportions of the protein 
sequence, particularly in the WS extracts, whereas -crystallin peptides were not detected. The 
high ion score clusters evident in WS A- and B1-crystallin are discussed in the main text. 
 
Figure 4: Time course of the decomposition of PFHSPAY. The peptide was incubated in 
phosphate buffer pH 7.2 at 60
o
C and samples removed at various times for HPLC and MS 
analyses. PFHSPAY, FHSPAY and SPAY were quantified using HPLC, by comparison with 
curves prepared from commercial standards. 
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